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INTRODUCTION
Cesarean delivery (CD) rates have risen dramatically in many countries in recent decades 1 . It is generally accepted that vaginal birth after Cesarean delivery (VBAC) is associated with fewer complications than elective repeat CD 2, 3 . Thus, women should be encouraged to undergo a trial of labor after Cesarean delivery (TOLAC). However, a failed TOLAC attempt results in emergency CD with higher risk of maternal and neonatal morbidity compared with women undergoing elective repeat CD 4, 5 . Traditionally, an attending obstetrician evaluates the likelihood of successful VBAC based on demographic and obstetric characteristics. Some factors, such as prior vaginal birth and spontaneous onset of labor, enhance the probability of achieving VBAC, whereas other factors, such as advanced maternal age, obesity and short interpregnancy interval, decrease the probability 2 . Several models predicting a woman's likelihood of successful VBAC have been published [6] [7] [8] [9] [10] [11] [12] . All models are based on characteristics obtainable before or during pregnancy, but only one model has included sonographic parameters of the Cesarean hysterotomy scar 12 . In 2013, Naji et al. published a model for prediction of successful VBAC based on sonographic measurements of the Cesarean hysterotomy scar in the first and second trimesters 12 . The predictive ability of this model was higher (area under the receiver-operating characteristics curve (AUC), 0.94) than those of previously published models [6] [7] [8] [9] [10] [11] . However, the predictive ability of this model needs to be confirmed in external validation studies, before it can be recommended for use in clinical settings, and no such studies were found in the available literature. The aim of the current study was to carry out external validation of the model of Naji et al. for prediction of successful VBAC.
METHODS
The study was performed at Skåne University Hospital in Sweden, a tertiary hospital with about 9000 deliveries per year. In 2015, the overall CD rate in the hospital was 16.4% and the operative vaginal delivery rate was 8.6%. Approval was obtained from the institutional ethics committee, and signed written informed consent was obtained from all participants.
Study participants were women participating in a prospective cohort study investigating the diagnostic utility of ultrasound assessment of the Cesarean hysterotomy scar in the non-pregnant state and during the first, second and third trimesters of a subsequent pregnancy for prediction of maternal complications. Non-pregnant women aged 18-35 years who had undergone one previous low-transverse CD at ≥ 37 gestational weeks at Skåne University Hospital, between 13 March 2013 and 31 May 2015, and with no history of other uterine surgery were invited to participate in the study. Women were booked prospectively for ultrasound examination of the Cesarean hysterotomy scar 6-9 months after their CD. Recruited women were followed up and those who became pregnant were booked for ultrasound examinations of the Cesarean hysterotomy scar at 11 + 0 to 13 + 6, 19 + 0 to 21 + 6 and 35 + 0 to 38 + 6 gestational weeks though, for this study, data from only the first-and second-trimester examinations were used.
All ultrasound examinations were performed with a GE Voluson 730 or GE Voluson E8 Expert ultrasound system (GE Medical Systems, Zipf, Austria) equipped with, respectively, a RIC5-9H or RIC5-9-D transvaginal probe. Data were obtained with empty bladder in a sagittal plane using a standardized approach to identify the Cesarean hysterotomy scar 13 . Ultrasound images were evaluated and measurements were taken immediately after examinations. Presence of a scar was noted and the myometrium thickness at the thinnest part of the scar area (scar thickness (ST)) was measured. The operator was blinded to the results of previous ultrasound examinations. All representative images were stored on a digital image storage system (Siemens Syngo Dynamics, v. VA10B, Siemens Medical Solutions Health Services, Inc., Malvern, PA, USA).
Management and delivery of pregnancy were carried out according to the hospital's policy and the discretion of attending obstetricians, who were blinded to the results of the ultrasound examinations of the Cesarean hysterotomy scar.
Information about pregnancy and delivery was retrieved from hospital records after delivery. Predicted individual probabilities of successful VBAC were calculated for all women according to the formula proposed by Naji et al. 12 . The predicted individual probabilities were divided into deciles. To assess the discriminatory ability (ability to distinguish between women with different outcomes) of the prediction model, receiver-operating characteristics curves were constructed and AUCs with 95% CIs were calculated 14 . Statistical analyses were performed using SPSS Statistics v. 22 (IBM Corp., Armonk, NY, USA). Continuous variables were compared between groups using the Mann-Whitney U-test. P < 0.05 was considered statistically significant.
RESULTS
Overall, 1245 women were eligible for the study and 541 women were recruited and followed up over a period of 3-27 months. Of these, 193 women became pregnant ( Figure 1 ). Complete sonographic data were obtained for 120 women who attended both scans. Median gestational age at the first-and second-trimester scans was 12 + 3 (interquartile range (IQR), 11 + 4 to 13 + 2) weeks and 20 + 2 (IQR, 19 + 3 to 21 + 2) weeks, respectively.
Thirty-seven women underwent elective CD, and three women had emergency CD before the planned TOLAC for various reasons. Thus, 80 (67%) women underwent TOLAC ( Table 1) . The scar was visible in all 80 women at the first-trimester scan and in 54 (68%) women at the second-trimester scan. All women had a singleton pregnancy in cephalic presentation. Spontaneous onset of labor occurred in 67 (84%) women and labor augmentation was given to 42 (53%) women with median duration of Syntocinon of 3 (range, 1-12) h.
Of the 80 women who underwent TOLAC, 70 (87.5%) had VBAC. Vacuum extraction was performed in eight (11%) of these women and manual exploration of the uterus due to postpartum bleeding was performed in two (3%). Of 13 women who underwent labor induction, nine (69%) had VBAC. Emergency CD after TOLAC was performed in 10 (12.5%) women, five due to non-reassuring fetal status and five due to arrest of labor. Median birth weight in the failed TOLAC group was 3560 (IQR, 3298-4055) g compared with 3645 (IQR, 3254-3959) g in women with VBAC (P = 0.97).
One woman had a uterine rupture and two women were diagnosed with uterine dehiscence (one had evident uterine dehiscence and one had extremely thin myometrium). These three cases underwent emergency CD after trial of labor, and all three had visible scars on ultrasound. In the woman with evident uterine dehiscence, the ST decreased from 7.2 mm at the first-trimester scan to 2.8 mm at the second-trimester scan. In the two women with uterine rupture and extremely thin myometrium, ST was thin at the first-trimester scan and unchanged at the second-trimester scan (2.2 and 1.0 mm vs 2.0 and 1.0 mm, respectively). Data are given as mean ± SD, n (%) or median (interquartile range). ST, scar thickness.
Calculated individual probabilities of successful VBAC were divided into deciles, and the observed VBAC rates in all women who underwent TOLAC and in those with a sonographically visible scar at the second-trimester examination are shown in Table 2 . AUC was 0.44 Table 2 Predicted rates of successful vaginal birth after Cesarean delivery (VBAC) calculated according to model of Naji et al. 12 , and observed VBAC rates in 80 women who underwent trial of labor after Cesarean delivery (TOLAC) and in those in whom Cesarean hysterotomy scar was visible at second-trimester ultrasound examination Data are given as n or % (n).
(95% CI, 0.28-0.60) among all women who underwent TOLAC and 0.51 (95% CI, 0.32-0.71) among those with a visible scar at both scans.
DISCUSSION
The model proposed by Naji et al. 12 had poor accuracy for prediction of successful VBAC in our Swedish population. Most observed VBAC rates did not correspond to the predicted deciles.
We expected that most women would have intermediate likelihood of successful VBAC, because they were counseled by attending obstetricians before making a decision about TOLAC. However, we found that calculated individual probabilities had an uneven distribution over the range of probabilities. Most women had either very low probability (0.0-9.9 decile) or very high probability (90.0-100.0 decile) of successful VBAC. This could be due to the regression coefficients in the prediction model being too large or some important predictor variables missing in the original model.
There are several possible explanations for the discrepancy between our results and the results published by Naji et al. 12 . Firstly, there may be differences in the policies of hospitals regarding selection of women suitable for TOLAC, such as different indications for elective CD and differences in pregnancy management. Secondly, indications for emergency CD during TOLAC in our study were different from those reported by Naji et al. 12 .
Emergency CD due to non-reassuring fetal status was performed in half (5/10) of the women who underwent emergency CD after TOLAC attempt in our population, whereas in the UK study population this indication was present in 30% (14/47) of the cases. Thirdly, VBAC was achieved in 88% (70/80) of women in our cohort vs 61% (74/121) of women in the cohort of Naji et al. The fact that Swedish obstetricians used Syntocinon more often (42/80 (53%)) than the UK obstetricians (14/121 (12%)) suggests a difference in the intention to deliver vaginally.
In the present study, validation of the model was performed not only in the group of women with a visible scar, as suggested in the original study by Naji et al. 12 , but also among all women with complete sonographic data. All women had a visible scar at the first-trimester scan, but only 54 (68%) women had a visible scar at the second-trimester scan. We believe that the absence of clear sonographic features of a scar at the second-trimester scan in women with a previously visible scar reflects a poor discriminative ability of ultrasound to detect pregnancy-related anatomical and histological changes in the scar area, rather than an anatomical absence of the scar. The location of the scar area is still in the anterior uterine wall reachable by a transvaginal transducer. Therefore, in women with a non-visible scar, we measured the thinnest part of the myometrium in the lower uterine segment. The obtained results were quite similar in both groups (i.e. all women with complete sonographic data and those with a visible scar at the second-trimester scan).
Strengths of the present study are its prospective design and the large proportion (44%) of participation among 1245 eligible women. All ultrasound examinations were performed by one experienced operator specifically focusing on assessment of Cesarean hysterotomy scars, and scans were performed according to a standardized procedure 13, 15 . The main limitation of the present study is the relatively small number of women who had complete sonographic data and underwent TOLAC. Excluding women with drop-out reasons such as pregnancy termination, withdrawal from the study or relocation, there were 9% (13/151) and 12% (17/137) of women who had no obvious objective reasons for missing the first-and second-trimester scans, respectively. Most of these women were unavailable for scan booking.
Another limitation of this study is the absence of women with previous VBAC in our study population. The proportion of this group is probably low in most populations, but previous VBAC is one of the parameters included in the model proposed by Naji et al. 12 . In the present study, women were followed up after their first CD until the end of the first pregnancy resulting in childbirth; therefore, all women had only one delivery after CD. This was beneficial for recruitment since women were included at a very early stage after their previous CD. Sonographic assessment of the Cesarean hysterotomy scar was performed at every visit, and the examinations provided reassurance and support to participating women. This may have contributed to a low emergency CD rate in our study. In general, attending obstetricians reported that participants who underwent TOLAC had a strong motivation to deliver vaginally.
In conclusion, the predictive model proposed by Naji et al. demonstrated poor accuracy for successful VBAC in our Swedish population. This was possibly due to differences in clinical routines and maternal characteristics between study populations. However, we believe that the thickness of myometrium in the scar area and gradual change during pregnancy might be related to scar integrity during labor. The sonographic findings in three women with uterine rupture and uterine dehiscence support this hypothesis. Thus, the sonographic appearance of a hysterotomy scar is likely to play an important role in the prediction of successful VBAC. Further studies are needed to investigate combinations of different sonographic parameters and clinical factors in order to develop a prediction model applicable in various populations.
